, and cell sorting in the zebrafish hindbrain can tions. Our findings establish both kinase-dependent be induced by C-terminally truncated Ephs, suggesting and kinase-independent functions of EphA4 in the for- EphA receptors expressed on retinal ganglion cell axons
. To control for correct engineering axons in the absence of intrinsic kinase activity. In this structure, EphA4 presumably acts as a ligand for ephrins of the knockin alleles, we performed Southern analysis of the targeted ES cells ( Figure 1C ) and we investigated expressed on commissural axons. The conserved SAM domain is not required for EphA4-mediated axon guidEphA4 expression in homozygous mutant brains by Western blot analysis. We visualized fully matured, glyance, neither for EphA4 kinase signaling, nor for its kinase-independent function as a ligand. Our findings cosylated EphA4 by pull-down experiments using wheat germ agglutinin (WGA), a lectin that binds to N-acetyldemonstrate a requirement for both kinase-dependent and kinase-independent functions of EphA4 in the for-␤-D-glucosamyl residues of glycosylated cell surface proteins, followed by anti-EphA4 immunoblotting. Brain mation of major axon tracts.
lysates from all knockin mutants, regardless of the presence or absence of the neo selection cassette (data not Results shown), expressed equal amounts of EphA4 protein at levels well comparable to wild-type brains ( Figure 1D ).
Generation of Mutant Mice Expressing
Immunoblotting EphA4 from total cell lysates of newSignaling-Deficient EphA4 born brains gave the same results, confirming that WGA We generated a series of ephA4 mutants by targetpull-downs were quantitative and that EphA4 expression ed insertion (knockin) of cDNAs encoding either wildwas high throughout postnatal development ( Figure 1E forebrain axon tract that consists of an anterior (aAC) OB ( Figures 6C and 6E ). These findings suggested that neurons of the OB express ephrinB ligands rather than and posterior branch (pAC), which connect both lobes of olfactory bulbs and temporal cortex, respectively EphA4. Consistent with these mRNA expression patterns, ephrinB proteins were previously found on aAC (Dottori et al., 1998). The expression of EphA4 in developing forebrain was, however, not reported, and the and pAC axons . In contrast, low levels of EphA4 expression were detected in the contribution of EphA4 kinase signaling remained unclear (Dottori et al., 1998). By in situ hybridization analysis pAC but not in the aAC branch (Leighton et al., 2001) . Rather, ephA4-positive cells were found dorsal of both of E15.5 wild-type embryos, ephA4 mRNA appeared absent from developing olfactory bulbs (OB), which conbranches of the anterior commissure, in the ventricular zone of the third ventricle and throughout the striatum tain the cell bodies of neurons that form the aAC branch ( Figures 6A and 6F) . Conversely, ephrinB2 was specifi- (Figures 6F-6K ). Of potential importance was the finding that cells strongly positive for the ephA4 probe were cally and strongly expressed by the majority of the cells in the OB (Figures 6B and 6D ). EphrinB3 showed a more located immediately adjacent to AC axons ( Figures 6G  and 6K) . In horizontal sections, ephA4-positive cells widespread expression pattern in the ventral forebrain that partially overlapped with ephrinB2 and included the were found outlining the path of AC axons from the 
Scale bars are 2 mm in (A)-(D) and (G)-(J); 500 m in (E) and (F).
periphery to the midline during and shortly after AC trance (7 out of 13 analyzed; Figure 7D ). In 6 of the affected cases, both branches of the AC failed to cross tract formation ( Figure 6I ). These findings suggested a potential interaction between EphA4-positive cells adjathe midline ( Figure 7G ), whereas in one case, the left side of the AC was defective and the opposite AC unilaterally cent to AC axons and ephrinB-expressing AC axons. crossed the midline but failed to progress further (data not shown). Generally, aAC and pAC branches did not A Kinase-Independent Role for EphA4 in Anterior Commissure Formation change their migration pattern when encountering the other branch suggesting that the component axons We next analyzed the morphology of the anterior commissure in adult ephA4 mutant brains. Coronal sections were not attracted to each other ( Figure 7E ). In one case, however, the aAC tracts fused with the pAC tracts and of wild-type and homozygous control ephA4 wtKI mice showed the normal trajectory of AC axons just below performed aberrant U-turns toward the ipsilateral olfactory bulb ( Figure 7F ). Interestingly, formation of the AC the ventricular zone of the third ventricle and close to the ventral edge of the striatum ( Figure 7A and data not was completely rescued by kinase-dead ephA4 KD (n ϭ 6) and the severe signaling mutant ephA4 2F (n ϭ 8) (Figshown) . In contrast, in homozygous ephA4 null mutants both branches of the AC were reduced in diameter and ures 7H and 7J). These results demonstrate that EphA4 has kinase-independent functions in the formation of shifted ventrally, away from third ventricle and striatum ( Figure 7B 
